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Tentative Froposal for a Transistorized Communi-

cations Receiver Operating from 12 to 30 Mc.
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-1, Technical Discussion

The following technical discussion briefly discusses the probe
lems to be encountered and the techniques that might be incorpora=
ted in order to design a transistorized receiver which will operate
over a band of frequencies from 12 to 30 Mce., For purposes of
analysis it will be assumed that the over-all specifications
pertaining to such a receiver will be similar to those of the RR=11AA
Transistorized Communications Recelver,

Aspects of these specifications not specifically mentioned
in the following sections are considersd stiraight-forward and
within tho realm of definite practicallity, The ltems mentioned
are those-that have major bearing on the best techniques to be
incorporated and are mentioned as design problems difficult %o
solve or as yet not encountered,

1,1 Band Coverage

In order to tune the receiver over a fLfrequency range of 12 to
30 megacycles, the tunable' element must be varied by 6 #3lo Beo
cause of ihe extremely high tuning accuracles required and the
limited space available it is believed that inductive tuning ig more
adaptable for this application., Preliminery analysis indicates
that it is possible to bulld an imductance tuner with greater
accuracy and ruggedness and whose tvolerances could be meintained
nore closely in production than would be possible in a ganged condens
ser tuner, This is primerily so due to -he extremely small spacing
that would be required between the condenser plates in order to
build the tuner in a reasonably small volume, Moreover, the Image
amd 1.f, rejection specifications, as well as those of oscillator
radiation, would be more difficult to meet with capacliiive tuning
at the frequencies in question,

It eppears likely that the inductance range of 6 %31 required,
may be accomplished in a single band, However, due to the fact
that the permeability of the slugs is not as great as that which
may be obtained at lower frequencles, and because coll dlstributed
cepaclty and line inductance will be a relatively large percentage
of the inductance value used, a slug travel in the order of 23"
mey be rvequired, However, as indlcated in further sections, this
is not necessarily a digadvantage since othur design criteria will
dictate an increase in the over-all case length,

1.2 Calibration Accuracy and Resetability

The ealibration accuracy specification of .1% and the reseta«
bility specifiication of .01% become imcreasingly Aifficult %o obtain
at these hiph frequencies., In order to provide good resetabllity
the straight line frequency characteristic saould not be obtained by a
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mechanical fumetion penerator as the maln drive. Variable pitch
coils offer a better possibllity of obtalning linear frequency versus
rotation in a highly accurate manner,

Consultations with various coil manufacturers reveal the fact
that dus to variation in winding tensions and Incremental core per-
meabilities production coils cannot be wound with linearities in
excess of 1, A4lso to be considered are the non-linearities that
will be introduced due to tolerances of circult components and the
mechanical drive, Therefore, if the calibration accuracy is to be
obtained, it will be necessary to design a system which will permit
multi-point tracking, Correction will be required for the oscillator
circuit only, since a linearity of l, will be more than adequate
for the coils in the signal path.

A technigue which offers pood possibilities of achleving the
desired snd wesult in a relatively simple manner involves a cam
follower mechanism., A spring loaded roller rigidly linked to the
oscillator core would be guided up or down by means of a flexible
metal bar, This would permit an incremental increase or decreasd
of inductance depending on the contour of the bar at the particular
point of carriage travel. Six to eight tracking studs could be
utilized to achieve the contour required to permit cancellatvion
of the predominamt non-linearities,

The basic mochanical drive system would be kept simple to insure
high accuracy and good resetability. The tuner would comsist of a
chassis for rigid mounting of the coils and a carriage conteining
the coil slugs, Carriage motlon would be achieveddby means of a
fine pitch screw incorporating an anti-bagk lash mechanism., A
vernier scale would be directly linked to the fine pitch screw and
poared by the proper rgitio to the main scale.

1,3 Ro F, Design Criteria

In order to design-a transistorized receiver which will cperate
at frequencies as high as 30 Me,, two factors iake on primary impores
tances 1.e., the characteristics of transistors, and the @ of tho
coils which are available at the present time., The present state
of the art of these components and thelr bearing upon system design
will be discussed in the following paragraphs,

103,11 Sensitivity.-The surface barrier transistor and posalbly
selected junction tecrode transistors are the only types which have
any possibility for this application. The junction tetrode transise
tor requirved 5 to 10 times as wmuch power for its operation as the
SBT, have poor aveilability, and many other disadvantages, which
preclude their use, Therefore, this discussion will be based upon
the best design techniques that could be incorporated utilizing the
surface barrier transistors.

There are 3 inter-related parameters that must be considered
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in determining whether a transistor will be suitable for the applie
cation wnder discussion; they are 1) the product of the collector
capacity and base spreading resistance (rb!Ce); 2) the alphe cuteff
frequency Fe ©< 3 and 3) the maximum frequency of oscillat Frnaxo
Fpax 18 velated to alpha cutoff frequency and the rb!Cc product by
the following equation.

fm@;g @W@;o Fe e,
wroltCe
The gain that a transistor will have at frequencies other then Fyex

38 veloted to Fygx by the following relationship.
’UnilaterailPower Gain o <;F§mu£ :y°
£

in order that the noise problems be kept within realizable limita,
the gain of the ».f, amplifier including coll losses should be
greater than 1, so that the signal at the input to the next stage
will not be attenuwated, If, for purposes of analysis, it is assumed
that 3 @b of coil losses are present in beth vhe imput and output
transformers, and an additional 3 db of attenuation results dus to
the neutralization process, the transistor must have .a power gain
of at least 9 db in order for the r.f, amplifier to have an over-all
gain of unity. From the above relationship it can be seen that Fyax
must be at least 90 Me, In terms of the parameters on which trane
sistor characteristics are generally specified, for an vb? = 250 ohm
(normal for wmost transistopsk Ce must be less than 3 uufd and Feox
must be greater than 120 Me, ‘dxoept for the surface barrlier trans
sistor, no coymercially available transistor approaches these
requirements, :

Examination of distribution curves of the present L5106
surface barrier transistors now in production reveals that approxi-
mately 20 to 25% of production units would be acceptable, It is ‘
anticipated that transistors now in the research phase will be
available in the foreseeable future that will have considerably
higher valucs of Fyapx. Howsver, the following analysis of the basic
system parameters will be based on present manufactured components,

1o3.2 Imare and R. F; Rejectiom,~A preliminary investi-
gation indicates that at 30 e, the highest coill Q of an air
inductance {slug completely out at 30 Me.) with materials now availe
able would be im the order of 30 to L0, Assuming 36 as a design
centeor value and limiting core losses to 3 db in its tuned circuit,
the over-all cirecuit Q should not exceed 18, Under these conditions,

a neutralized »r.f., amplifier will have a gain of unity for a transistor

gain of 9 db at 30 Me. I the i.f, frequency were to be LS55 ke.,
approximately 9 tuned stages would be required to get an image
rejection of 30 db at 30 Me. Such operation is clearly Impractical
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due to the very difflcult tracking problems that would exist, t he
extremoly complex tuner required and the great mumber of components
that must be incorporated, Therefore, it is fellt that the 1.5,
froquency cannot possibly be US55 ke : ,

In order to keep equipment complexity to a minimum an
analysis will be made of the lowest 1.f, frequency that would be
required utilizing only two tuned circuits in the signal path prior
to conversiom, This wlll permit tracking with three tunable slups,
9.6., 06 for the oscillateor, one for the ».f, amplifier input, and
one for the amplifier output, Vith a circuit Q of 18, the imare
rejoction specification can be met at 30 Mo, if the image frogquency
is 5 Mc. or more above the 30 Mc. imput, Since the highest frequency
wi%l be the worst case, the i1.f. Lrequency should be at least
205 Meo

Lol Ontimum I, Fo Fregquency

From the forepoing analysis it can be seen that the imags
rejostion cannot be met with two tuned stages unless the 1.£, Lfro-
quency is 25 Mc, or greater, Thé ability to meet other related
specifications in a simlilar number of stages such as oscillator
radiation, spurious responses, and 1.f, rejection also are dependent
upon the i.f, frequency chossen.

The over-all selectivity specifications cannot be met in a
practical manner by any method other than a mechanicel £ilter,
These filters are availlable only at a few selected frequensioes,
none of which are greater than 2,5 Me, Therefore, & non-standard
item must be procured which would involve inditial development costs
in the ordexr of 330,000, Another less severe objection ¢»n an
4,f. frequency of 23 Me, or higher 1s the fact that an additional
1., stape would be required sinece each of the 3 i.f, amplifiers
would have about 6 db less. rain than couvld be moalized at LS55 ke,

1.lol Double Conversion System.=All of the above obéections
to an 1.7, frequency of L55 ke, or am 1.f, frequenecy of 235 Me, or
greater can be overcome by means of & double conversion system.
The first L.f, frequency is sclected to be 2§ Me. or greater and

‘then converted to a frequency of US55 ke, The major nart of the L.f.

amplification would occur at W55 ke, which 1s below the gain crosse
over point for a grounded emitter surface barrier transistor, One
possible disadvanta-e to this scheme is that spurious responsgs
would be somewhat harder to predict and design for, However,
inherently this system should not ve more conducive to spurious
responses than that of a single 1.0, freguency.

1.5, Proposed Receiver Design

An enelysis of the discussion im the preceding sections indie
cates that @& double conversion system p.esents the best possibilie
ties in an attempt to meet ths specifications outlined, A block
diagram of the proposed tuner design is shown im Figure I, The
sdgnal; levels and the frequency of operation are indica.ed at the
various points of interest. .
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The ».f. amplifier will not contribute to system over-all
gain, Its main purposss are to provide imege and i.f., rejection,
cut down oscillator radiation, provide selecli vity to reduce spurious
responses, and minimize oscillator pulling, The local oscillator
frequency will be set at 2% dMc, or greater above the incoming
frequency and will be imnjected into the mixer circult. The outpud
circult of the mixer will be tuned to select the differencs frec
quency generated (hereafter referred to as the lst i.L, frequency).
The mixer will provide approximately .l db of gain at 30 Mc, utillzing
a trensistor with an Fgpax of 90 Moo The mixer output will then be
fod into & self-oscillating converter, This converter circultd
will be fixed tuned with the oscillator frequency belng set at
L55 keo above the 1st 1.f. frequensy. If space requirements pormit
and if an improvement in over-all operation results the selfe
oscillating frequency could be crystal controlled, Since the lst
1.f, frequency is relatively close th the low frequency cutoff{ of
the transistor, gains in the order of 16 db or more could.be o
experienced, The over-all gain therefore will be sufficient t© insure
that the 13 db loss of. wmechanical £ilter will BetoVercome and
that the signel to the 18t i.f, amplifier will be appreclably above
the noise level of the r.f., amplifier,

1,501 Rs F, Amplifier.-The inmput signal to the ».f, amplifier
will be fed Trom the antenna through an r.f, gain control, This
control will assure that overloading will not occur in any of the
tuner eircults on large signals, It is not advisable to control
the gain of the tuner.circuits themselves because frequency pulling
and calibration accuracy would suffer., It is absolutely necessary
to neutralize the internal feed-back within the transistor at these
Trequencies in.order to preventoscillation, permit simple tuning,
end to keep. the reverse gain low in order to meet the oscillator
radiation specifications, The nentralizing capacitor for this
application must be adjustable so as to allow for precise
ad justment because of the large amount of internal feed-back that
could be experienced at the high frequencies,

The input impedance of the r.f., emplifier will be stepped
up by capacitors across ihe tuned circuit to allow for optimua Q end
8t1ill provide a nominal input impedance of 300 ohm when maximux
sensitivity is required, The output of the tuned cirecuit will be
stepped down to allow for best power match into the lower impedance
at input of the r.f. amplifier, ' :

A small capacitor will Le used for coupling to the mixex
circuit which would provide best power match at 30 Mc, and a pro-
portionately larger mismetch at lower frequencies, This will tend
to keop the mixer gain constant over the frejuency range since the
gain of the mixer cireult proper will decrease at the rate of 6 db
per octave over the frequencies increased, Additional advanteres
of coupling by a smail capacitor is the reduction in osecillator radla-
tion and the improvement in i.f. rejection, The time constant willd

. be sufficiently low so that there will be no possibility of blocking.
‘on large signals, . ‘ . .
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15,2 Mixer,-The output of the mixer will be tuned to the 1st
1.8, With a Falrliy high @ circuit to minimize the possibilities of
spurious responses being passed. The mixer will b« a grounded
vase transistor with no provision for neutralization since the
signal developed at its output will be at a diffarent frequency from -
the local oseillator andthe incoming sipgnal, :

1,5.3 Local Oscillator,=The local oscillator will be a grounded
base transistor with an Pgax in the order of 90 Mec, It will be
comnected as a colpitis oscillator with its Lfeed-back obtained by
means of a capacity divider, A4 tap on the coll is not practvical,
sinece the inductance of the tep as compared to the total industance
will vary quite radically over the tuning range utlilizing a
variable pitch coil. The local oscillator output will be coupled
to the mixer throush the secondary of the variable pitch transformer,
The secondary will be wound in a manner which will tend to aid the
high frequency respense. _

" 1.5.4 Self-0scillating Converter.-The converter can be made
self-oscillefing by tuning ohe output circult to both the oscillator
frequency end the beat Lrequency produced and feeding back the
oscillator signal to the emitter as shown in Figure 5. With this
technique, conversion gains ol 16 db or greater can be obtained
at the input frequency of 24 Mc, It is advisable for this perticuler
stage to have a high alpha cutoff since the input impedance to the
rof, signal in propertion to (;==c) which begins to decrease at °
frequencies of Fe W=<A),

1.6 Freguency Stability and Oscillator Pulling.

Frequency stability of .0004# per minute specified will be
a very serious problem at frequencles as hipgh as 30 Mc. The highewr
the frequency the more the possibllity of drift because of the
larper effect of transistor variations, Since no information is
available concerning the Arift that may be experienced the stabllity
requirements wust be held as design goals rather than absolute
specifications,

The frequency pulling specification of 100 cycles from minimum
to maximum signel is another specification upon which no definlte
statement can be made reparding compliance, Best techniques should
be incorporated, such as having gainvariation take place in the
r.f, input potentiometer and the 1.f, amplifier rather than in the
r.fo amplifier or the conversion clrculis, 4Lven with these pree
cautions this specification may be quite difficult to meet and
should therefore be considered a design goal rather than an absolute
specification,

1,7 Space and Weight Limitations
In order to allow packaging of the additional componants that
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would be required in the 12 to 30 Me. tunmer, in a manner which will
insure bust electrical performance the over-all case length should
be increased at least 3/L's of an inch to a total of 7 inches. This
additional length will be needed because of the larger numbser of
components that are required and the larger carriage travel that may
be necessary,

It is also felt that i1t will be impossible to achieve packaging
in the over-all volume anticipated unless tantalytic capacitors
are utilized. A larre pool of information exists within the Philco
organization on these capacitors, so that they may be incorporated
strateglcally with no reduction in electrical performance,

1,8 Interchangability with the RR-11LA Receiver

One of the most important advantages of th: double conversion
system is the fact that the receiver from the input to the mechanie
eal filter to the input of the earphones could be made identically
in every respect with that being developed for the RR-11lAiL Receiver.
This type of operation would undoubtedly result in a large saving
both in development and production costs of the 12 %o 30 Mec.
receiver, A further saving in cost and a possible operational
advantage would result if a single receiver covering the band of
frequencies from 3 to 30 Ko, could bzobtained simply by interchenging

the tuner and using the common L1.f, audio portion of the receiver,

Basic packaging philosophy to date on the RR=11AA receiver could
well make this practical since present plans and designs call for
a separately testable tuner assembly which would mount imnto the
case and would wrecelve power through a plug-in cable, The electronic
chassis, with all associated controls and comnectors, would contain
all of the other circuitry imcluding batteries and would be mounted
to the case cover, Of course, this type of operation would require
an increase in the length of the case of the RR-1lAA receiver to
accommodate the larger tuner for the band from 12 to 30 Me, It
also may be found that the length of theRR-1lA/ receiver may have
to be increased to eccommodate the slug travel necessary to provide
the range of frequency adjustment in single band operation. '
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